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(54) Vehicle chassis system control method and apparatus 



(57) A vehicle chassis system control method for 
use in a vehicle with a yaw rate sensor (36) providing a 
signal indicative of a yaw rate of the vehicle body, a vehi- 
cle speed sensor (28, 30,32, 34) providing a signal 
indicative of vehicle speed, a lateral acceleration sensor 
(38) providing a signal indicative of vehicle lateral accel- 
eration and a chassis control system (46, 44, 1 2, 1 4, 1 6, 
18) for controlling a vehicle yaw rate, characterized by 
the steps of: responsive to the signaJs indicative of yaw 
rate of the vehicle body, vehicle speed and vehicle lat- 
eral acceleration, determining an index ratio (146); first 
comparing the index ratio to a first predetermined 
threshold indicating a limit above which active chassis 
control is not desired (146); and responsive to the first 
comparison, setting a signal indicating termination of 
active chassis control if the index ratio is above the first 
predetermined threshold (158), wherein the chassis 
control system is temporarily deactivated. 
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Description 

This invention relates to a vehicle chassis system 
control method and apparatus. 

Some chassis system controls, such as those s 
referred to as active brake controls, are designed to 
help a vehicle stay on its intended path, that is, to avoid 
deviation between the direction of vehicle travel and an 
intended direction defined by a line between either the 
left front and left rear vehicle wheels or the right front k 
and right rear vehicle wheels. 

Advantageously, this invention provides a vehicle 
chassis system control method and apparatus accord- 
ing to Claim 1. 

Advantageously, this invention provides a vehicle 15 
chassis system control method and apparatus for use 
with control systems such as active brake controls. 
Advantageously, this invention determines when a vehi- 
cle has deviated too far from its intended course and 
direction, that c when an angle between the vehicle's 20 
actuai direction of travel and a direction defined by a line 
between the front and rear left or right tires, is so large, 
that the active br a*e control is ineffective and is prefera- 
bly swrtcned oft 

Advantageously ths invention provides a means 25 
for signaling an actrve brake control mode or other chas- 
sis control mode to turn off when deviation from the 
vehicle intended course and direction is experienced to 
a sufficient degree to render such control mode ineffec- 
tive. 30 

A vehicle chassis system control method for use in 
a vehicle with a yaw rate sensor (36) providing a signal 
indicative of a yaw rate of the vehicle body, a vehicle 
speed sensor (28. 30,32, 34) providing a signal indica- 
tive of vehicle speed, a lateral acceleration sensor (38) 35 
providing a signal indicative of vehicle lateral accelera- 
tion and a chassis control system (46, 44, 12, 14, 16, 
18) for controlling a vehicle yaw rate, characterized by 
the steps of: responsive to the signals indicative of yaw 
rate of the vehicle body, vehicle speed and vehicle lat- 40 
eral acceleration, determining an index ratio (146); first 
comparing the index ratio to a first predetermined 
threshold indicating a limit above which active chassis 
control is not desired (146); and responsive to the first 
comparison, setting a signal indicating termination of 45 
active chassis control if the index ratio is above the first 
predetermined threshold (158), wherein the chassis 
control system is temporarily deactivated. 

The present invention will now be described by way 
of example with reference to the following drawings, in so 
which: 

Figure 1 illustrates a schematic diagram of a vehicle 
implementing an example apparatus according to 
this invention; 55 
Figure 2 illustrates a flow diagram for an example 
computer controller implementation of the appara- 
tus according to this invention; 
Figures 3-8 illustrate example flow subroutines cor- 



responding to the flow diagram shown in figure 2; 
Figure 9 illustrates an example correlation between 
the index ratio according to this invention and the 
side slip angle of a vehicle; 
Figure 10 illustrates an example correlation 
between computed under steer according to this 
invention and the side slip angle of a vehicle; and 
Figure 1 1 illustrates a schematic of an example 
apparatus according to this invention. 

Referring now to figure 1, the vehicle 10 includes 
four wheels 20, 22, 24 and 26, each with associated 
wheel brakes 12, 14, 16 and 18. Each wheel 20-26 has 
a wheel speed sensor 28, 30, 32 and 34 of a known type 
providing wheel speed information to the microproces- 
sor-based controller 46. The controller 46 also receives 
steering wheel position information for steering wheel 
42 from position sensor 40. Position sensor 40 may be 
a digital sensor that increments a digital output signal 
with each degree or partial degree of movement of the 
steering wheel 42 in one direction and decrements the 
digital output signal with each degree or partial degree 
of movement in the opposite direction. The steering 
wheel sensor 40 need not have an inherent center posi- 
tion signal capability, but such capability may be 
included to serve as a guide indicating that the steering 
wheel is approximately on center. Such steering wheel 
sensors 40 are well known to those skilled in the art. 

According to the preferred example, the method 
described in pending United States patent application, 
Attorney Docket No. H-195602, entitled, "Sensor- 
Responsive Control Method and Apparatus," assigned 
to the assignee of this invention, is used by the control- 
ler 46 to accurately calibrate the sensor 40 and provide 
accurate steering wheel sensor information therefrom. 
The disclosure of the above-mentioned application 
Attorney Docket No. H-195602 is incorporated herein by 
reference. 

Controller 46 also receives signals from yaw rate 
sensor 36 and lateral accelerometer 38 to effect the 
controls described herein. The controller 46, in general, 
controls a brake actuator or actuators 44 for controlling 
the wheel brakes 12, 14, 16 and 18 to provide any suit- 
able type of chassis control for the vehicle. Various 
example brake actuators 44 are well known to those 
skilled in the art and need not be set forth herein in 
detail. 

Because the active brake controls are not germane 
to this invention and may be any type of control pres- 
ently known or in the future known to those skilled in the 
art, further detail of such controls are not set forth 
herein. Those skilled in the art will recognize that the 
brake control is considered generic for purposes of this 
description and the brake control referred to herein may 
encompass any known brake control. 

Referring now to Figure 2, the main control routine 
implemented by the brake controller 46 for performing 
the vehicle chassis system control is shown. The rou- 
tine is continuously run on an interrupt basis by the con- 
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trolier 46 in conjunction with its other control tasks. 

When the vehicle is first powered up, the routine 
performs the normal initialization tasks (block 100) 
required by the microprocessor within the controller 46. 
Then, at block 102, the routine checks a flag indicating s 
whether or not the vehicle is off its course and intended 

.direction. _ _ . _ . _ _ 

As used herein, off course and intended direction 
means the vehicle is not traveling in a direction and 
course as normally would be directed by the vehicle 10 
tires. That is, there is an angle, referred to as the slip 
angle, between a line indicating the direction of actual 
vehicle travel and a line between the front and rear vehi- 
cle tires (either left or right). For example, if the vehicle 
is experiencing rotational moment involving lateral slid- 15 
ing engagement between the vehicle tires and the road 
surface, then the slip angle is greater than zero. If the 
slip angle achieves a predetermined level, as further 
defined below, the condition is detected and the off 
course flag is set. 20 

If, at block 102, the off course flag is not set, the 
routine continues to block 104 where it checks a flag to 
determine if an advanced chassis control, such as an 
advanced brake control, is activated. If not, the routine 
continues to block 106 where the active brake control 25 
flag is reset turning off active brake control. If. at block 
102, the off course flag is set, the routine continues to 
block 106 where the active brake control flag is reset. 

The active brake control flag that is reset at block 
106 is used to control the active brake control in the 30 
vehicle. The details of the active brake control or other 
advanced chassis control suitable for use with the 
method and apparatus described herein are known to 
those skilled in the art and, because they are not ger- 
mane to this invention, are not set forth herein in detail. 35 
It is understood, however, that the active brake control 
or other advanced chassis control, such as in four wheel 
steer system, is responsive to the active brake control 
flag and is disabled when the active brake control flag is 
reset at block 106. From block 1 06, the interrupt routine 40 
is terminated. 

From block 1 04, if the active brake control flag indi- 
cates that the active brake control is on, the routine con- 
tinues to block 108 where the off course detection is 
implemented as described below. From block 108 the 45 
routine continues to block 109 where it implements the 
chassis system control, such as active brake control, 
active four wheel steer, etc., in a manner known to those 
skilled in the art. 

Referring now to Figure 3, the test performed at so 
block 102 in Figure 2 is shown in more detail as the sub- 
routine comprising blocks 120-128. The subroutine 
starts and moves to block 1 20 where it checks the off 
course flag. If the off course flag is not set. the routine 
exits and moves to block 104 in Figure 2. If, however, at ss 
block 120, the off course flag is set, the routine contin- 
ues to block 124 where it forms a test to determine 
whether or not the vehicle is static, i.e., at a stand still or 
moving very slowly. The test performed at block 124 is 



shown in more detail as the subroutine 124 in Figure 4. 

Referring now to Figure 4, the vehicle static test 
subroutine starts and moves to block 110 where it 
checks to determine if ail of the following conditions are 
met: (a) the vehicle speed is below a vehicle speed 
threshold, for example 8 kph.; (b) the absolute value of 

the. forward _acceleration_ .oL. the_v.ebi.de Js. below, an 

acceleration threshold, for example, 3 m/s 2 ; (c) the yaw 
rate is below a yaw rate threshold, for example, 1.5 
deg./s; (d) the yaw acceleration is below a yaw acceler- 
ation threshold, for example 8 deg./s 2 ; (e) the lateral 
acceleration is below a lateral acceleration threshold, 
for example 5 m/s 2 ; and (f) the lateral jerk, determined 
as the integral of lateral acceleration, is below a lateral 
jerk threshold, for example 0.5 g/s. Vehicle speed is 
determined either from the vehicle speed signal from 
the vehicle transmission or as the average of the wheel 
speeds of the undriven vehicle wheels, i.e., wheels 24 
and 26 (figure 1) for a front wheel drive vehicle. Forward 
acceleration is determined either from a forward accel- 
eration sensor or through differentiating the vehicle 
speed signal. Yaw rate is determined, for example, from 
the yaw rate sensor, calibration of which may be done in 
the manner described in the above-mentioned copend- 
ing application, Attorney Docket No. H-1 95602. Yaw 
acceleration is determined by differentiating the yaw 
rate and lateral acceleration is as measured by the lat- 
eral accelerometer. 

If all the conditions at block 210 are met, then the 
routine 124 exits to block 126 (figure 3). If any of the 
conditions at block 210 fail, then the routine 124 exits to 
block 122 (figure 3). 

Referring again to figure 3, at block 122, the routine 
compares a timer value TIMER1 to a maximum timer 
value, TMAX. If the TIMER1 is not greater than TMAX, 
then the routine continues to block 128 where it incre- 
ments TIMER1 and then continues to block 106 in Fig- 
ure 2. If, however, either of the tests at blocks 1 24 and 
122 are passed, the routine continues to block 126 
where all of the off course calibration variables are reset 
and the subroutine 102 is exited to block 104 in Figure 
2. 

The subroutine in block 102, via blocks 122, 124 
and 126, resets the off course flag if the vehicle static 
test is passed at block 124 or if the off course flag has 
been set for a predetermined time period, after which 
the control method shown resets the off course flag 
(block 136) until another off course detection (block 108, 
Figure 2) is made. 

Referring now to Figure 5, the subroutine for per- 
forming the off course detection, block 108 in Figure 2, 
is shown in more detail. The off course detection sub- 
routine starts and moves to block 140 where it obtains 
from the various vehicle sensors measurements of 
steering wheel angle, lateral acceleration, yaw rate and 
left and right rear wheel speeds. 

At block 142, each of the measurement signals 
received at block 140 is filtered, for example, through a 
one pole low pass filter, to eliminate sensor noise and 
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other signal disturbances. From block 142, the routine 
moves to block 144 where a subroutine calculates an 
index ratio, also referred to as the stability ratio or stabil- 
ity index, using lateral acceleration, yaw rate and vehicle 
speed. The index ratio is indicative of the vehicle slip 5 
angle during certain driving conditions. 

Referring now to Figure 6, a subroutine 144 for cal- 
culating the index ratio is shown. The subroutine 144 
starts and moves to block 1 70 where the absolute value 
of the lateral acceleration is compared to the lateral 10 
acceleration threshold, Ayl . If is greater than the lateral 
acceleration threshold, then the absolute value of the 
lateral acceleration is used in determining the index 
ratio at block 172. If the absolute value of the lateral 
acceleration is not greater than the lateral acceleration 15 
threshold, then the value Ay used for determining the 
index ratio is set to a predetermined minimum, for 
example 0.1 g. 

At block 172, the index ratio is determined accord- 
ing to: 20 

INDEX1 = | YA W_R AT E * v/Ay | , 

where INDEX1 is the index ratio, YAW__RATE is the yaw 
rate, v is the vehicle speed and Ay is the lateral acceler- 25 
ation. From block 172 the subroutine in figure 6 is 
exited 

Referring again to Figure 5, after the calculation of 
the index ratio at block 144, the routine continues to 
block 146 where it compares the index ratio to an index 30 
ratio threshold, LMT1. An example value for LMT1 is 2. 
If the index ratio is not greater than LMT1 , the routine is 
exited. If, however, at block 1 46 the index ratio is greater 
than LMT1, the first criteria for determining an off 
course condition is met and the routine continues to 35 
block 148 where a subroutine for calculating the under- 
steer index, INDEX2, is performed. 

Referring now to Figure 7, the subroutine for calcu- 
lating the understeer index 148 begins and moves to 
block 180 where the measured yaw rate is limited so 40 
that it is no greater than a maximum value, YAW1 . Then, 
at block 182, the vehicle speed, v, is computed as the 
average speed of the two undriven wheels, for example, 
the left rear and left right wheels in a front wheel drive 
vehicle. At block 184 the vehicle speed signal is 45 
adjusted so that it is no less than the lower limit V-) , for 
example 3 km/h. 

The routine moves to block 186 where it filters the 
steering wheel angle signal to remove noise and signal 
perturbations therefrom. At block 1 88 the under steer so 
index is computed as: 

INDEX2 = ((0V/YAW_RATE)-L)/v, 

where 6 is the steering wheel angle and L is the dis- 55 
tance between the front and rear wheels of the vehicle. 

The calculated under steer index determined at 
block 1 88 is then filtered at block 1 90 using a simple low 
pass filter and then the subroutine 148 is exited. It is 



noted that the under steer index is typically less than 
zero. 

Referring again to figure 5, after the understeer 
index is calculated and filtered by the subroutine shown 
in figure 7, the routine continues to block 150 where it 
compares the filtered under steer index to a second 
threshold, LMT2. If the filtered under steer index is 
greater than LMT2, the routine exits. If, at block 150, the 
filtered under steer index is less than LMT2, then the 
second criteria for determining an off course condition 
of the vehicle is met and the routine continues to block 
152 where it performs a subroutine for determining the 
integral of the under steer index. 

The subroutine performed at block 152 is shown in 
Figure 8, which starts and moves to block 194 where it 
updates LMT2 from a look-up table based on vehicle 
speed. The function of the look-up table is shown in 
block 194. For lower vehicle speeds, LMT2 is set at a 
fixed value, i.e., -50 but for higher vehicle speeds, LMT2 
gradually reduces. 

Once the threshold LMT2 is retrieved from the look- 
up table at block 194, the routine continues to block 1 96 
where it compares the filtered under steer index to 
LMT2. If the filtered under steer index is not less than 
LMT2, the routine moves to block 198 where it sets the 
filtered under steer index to zero and then continues to 
block 200. If, at block 196, the filtered under steer index 
is less than LMT2, then the routine continues to block 
200. 

At block 200 the integral of the filtered under steer 
index is determined using an integrating filter. An exam- 
ple integrating filter implemented at block 200 is: 
INT(k) = USI(k)*0.01 + INT(k-1) , where INT(k) is the fil- 
ter output and USI is the understeer index. After block 
200, the subroutine 152 is exited. 

Referring again to Figure 5, once the subroutine 
152 is completed, the routine continues to block 154 
where it compares the integral of the filtered under steer 
index to a third threshold, LMT3. An example value for 
LMT3 is -150. If the integral of the filtered under steer 
index is not less than LMT3, the routine is exited. If the 
integral of the understeer index is less than LMT3, then 
the third criteria for determining an off course condition 
of the vehicle is met and the routine continues to block 
156 where the last criteria for determining an off course 
condition of the vehicle is tested. 

The test at block 1 56 compares the absolute value 
of the yaw rate to the threshold LMT4. An example value 
for LMT4 is 15 deg/s. If the absolute value of the yaw 
rate is not greater than LMT4, no off course condition is 
determined and the routine exits. If, however, the abso- 
lute value of yaw rate is greater than LMT4 at block 1 56, 
then the fourth and final criteria for determining an off 
course condition of the vehicle is met and the routine 
continues to block 1 58 where it sets the off course flag. 

In the example described above, the controller 46 
implements a test for determining the condition of a 
vehicle, whether or not the vehicle is on or off its 
intended course and direction. The controller sets a 
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control flag for a chassis control system such as an 
active brake control or a four wheel steer using brake 
control when an off course state is determined because 
it is recognized that once a vehicle is off course a prede- 
termined amount, active brake control or other 5 
advanced chassis control systems are not implemented 
in returning the vehicle to course. 

Referring now to Figure 9, the graph shows the 
relationship between the index ratio, i.e., computed at 
block 1 44 in Figure 5 and the side slip angle of the vehi- 10 
cle. The side slip angle of the vehicle is defined as the 
angle between a straight line representing the vehicle s 
actual direction of travel and a straight line drawn 
between the vehicle's front and rear left wheels (or front 
and rear right wheels). The relationship between the 15 
index ratio and the side slip angle varies as a function of 
speed. Trace 302 indicates the relationship for a vehicle 
traveling at 40 mph, race 304 indicates the relationship 
for a vehicle traveling at 30 mph and trace 306 indicates 2. 
the relationship for a vehicle traveling at 20 mph. 20 

Figure 10 illustrates the relationship between the 
under steer index and the side slip angle of the vehicle. 
Trace 310 illustrates the relationship between the under 
steer index and the side slip angle for a vehicle traveling 3. 
at 40 mph, trace 312 illustrates the relationship for a 25 
vehicle traveling at 30 mph and trace 314 illustrates the 
relationship for a vehicle traveling at 20 mph. 

Referring now to figure 1 1 , the example apparatus 
schematic shown includes, within controller 46. internal 
processor 350, i.e., a microprocessor, and RAM 352. 30 
The processor 350 receives the sensor information 
including the vehicle speed, yaw rate and lateral accel- 
eration as provided by the sensors 32. 34, 36 and 38. 
Within the controller, sequential operations are per- 
formed according to a software control program stored 35 
in ROM (not shown) or other non -volatile memory 
device to effect the steps described above. During oper- 
ation, the controller 352 computes the indexes, INDEX1 
and INDEX2, that are stored in memory locations 354 
and 356. The indexes are controls for the active brake 40 4. 
control on/off indicator, which, in the example above, is 
implemented as a flag stored in processor memory or 
RAM. When the indexes achieve values above prede- 
termined thresholds, the on/off indicator 358 is turned 
" off, disabling active brake control in the processor 350 45 
for a predetermined time period. When indicator 358 is 5. 
turned off, timer 360 is initiated. When the timer 360 
times out, the controller switches the on/off indicator 
back to the "on" state until the indexes again cause the 
indicator 358 to be switched off. so 

6. 

Claims 

1. A vehicle chassis system control method for use in 
a vehicle with a yaw rate sensor (36) providing a 55 
signal indicative of a yaw rate of the vehicle body, a 
vehicle speed sensor (28, 30,32, 34) providing a 
signal indicative of vehicle speed, a lateral acceler- 
ation sensor (38) providing a signal indicative of 



vehicle lateral acceleration and a chassis control 
system (46, 44, 12, 14, 16, 18) for controlling a vehi- 
cle yaw rate, characterized by the steps of: 

responsive to the signals indicative of yaw rate 
of the vehicle body, vehicle speed and vehicle 
lateral acceleratign. determining an index ratio 
(146); 

first comparing the index ratio to a first prede- 
termined threshold indicating a limit above 
which active chassis control is not desired 
(146); and 

responsive to the first comparison, setting a 
signal indicating termination of active chassis 
control if the index ratio is above the first prede- 
termined threshold (158), wherein the chassis 
control system is temporarily deactivated. 

A vehicle chassis system control method according 
to claim 1 , wherein the index ratio represents a ratio 
of a product of yaw rate and vehicle speed to vehi- 
cle lateral acceleration. 

A vehicle chassis system control method according 
to claim 1, wherein the vehicle also includes a 
steering wheel angle sensor (40) providing a signal 
indicative of an angle of a steering wheel of the 
vehicle, further characterized by the steps of: 

determining a second index ratio responsive to 
the signals indicative of the steering wheel 
angle, vehicle speed and yaw rate (148); and 
second comparing the second index to a sec- 
ond predetermined threshold (150), 

wherein the step of setting the signal 
indicating termination of active chassis control 
is also responsive to the second comparing 
step. 

A vehicle chassis system control method according 
to claim 3, also comprising the step of: 

determining the second predetermined thresh- 
old as a function of speed (194). 

A vehicle chassis system control method according 
to claim 4, wherein the second predetermined 
threshold is determined from a look-up table stored 
in computer memory (310, 312, 314). 

A vehicle chassis system control method according 
to claim 3, also comprising the steps of: 

integrating the second index ratio to determine 
an integration result (152); and 
third comparing the integration result to a third 
predetermined threshold, wherein the step of 
setting the control signal is also responsive to 
the third comparison (156). 
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7. A vehicle chassis system control method according 
to claim 6, also comprising the step of fourth com- 
paring an absolute value of the yaw rate to a fourth 
predetermined threshold (156), wherein the step of 
setting the control signal is also responsive to the 5 
fourth comparison. 

8. A vehicle chassis system control method according 
to claim 1, also comprising the steps of: 

10 

initiating a timer when the signal indicating ter- 
mination of active chassis control is set (128); 
and 

resetting the signal indicating termination of 
active chassis control when the timer reaches a 15 
time-out value (122, 126). 

9. A vehicle chassis system control apparatus for use 
in a vehicle with a yaw rate sensor (36) providing a 
signal indicative of a yaw rate of the vehicle body, a 20 
"vehicle speed sensor (28, 30, 32,. 34) providing a 
signal indicative of vehicle speed, a lateral acceler- 
ation sensor (38) providing a signal indicative of 
vehicle lateral acceleration and a chassis control 
system (46, 44, 12, 14, 16, 18) for controlling a vehi- 25 
cle yaw rate including a controller (46), character- 
ized by: 

a divider (172) within the controller for deter- 
mining a first index responsive to the signals 30 
indicative of yaw rate, vehicle speed and vehi- 
cle lateral acceleration; 
a memory (352) for storing the first index; and 
a brake control on/off indicator (358) main- 
tained by the controller, wherein the brake con- 35 
trol on/off indicator is switched to an off state 
when the first index is above a predetermined 
threshold. 

1 0. A vehicle chassis system control apparatus accord- 40 
ing to claim 9, also characterized by a timer (360), 
responsive to the brake control on/off indicator, 
wherein the timer is initiated when the on/off indica- 
tor is switched to an off state and wherein the brake 
control on/off indicator is switched to an on state 45 
after the timer reaches a time-out value. 

1 1 . A vehicle chassis system control apparatus accord- 
ing to claim 9, wherein the first index represents a 
ratio of a product of yaw rate and vehicle speed to so 
vehicle lateral acceleration. 
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